In our preceding papers we described that the conformational stability of a sulfide linkage is inherently in the following order: gauche formϾanti formϾeclipse form, irrespective of the presence of some attractive interaction between the substituents on the terminal atoms, but the difference in the formation energies of the optimized gauche and anti conformation is not large.
In our preceding papers we described that the conformational stability of a sulfide linkage is inherently in the following order: gauche formϾanti formϾeclipse form, irrespective of the presence of some attractive interaction between the substituents on the terminal atoms, but the difference in the formation energies of the optimized gauche and anti conformation is not large. 1, 2) This order was also consistent with our experimental results observed for various 3-(R-thio)-thieno [3,4-b] indolizine derivatives, [1] [2] [3] [4] [5] and the extra presence of the intramolecular p-p interaction made one of the gauche conformations more predominant than the other gauche and anti ones in the solution state. These molecules can be novel candidates for investigating face selectivity or conformational control through a single bond. As an extension of this work, we are interested in the conformation about the disulfide linkage, since we previously found a similar phenomenon in the X-ray analysis of bis[thieno [3,4-b] indolizin-3-yl] disulfide. 6) According to the literature there are several MO calculations in which a preference of the gauche (cis) form over the anti (trans) form in relation to the disulfide linkage and an energy minimum in the dihedral angle near 90°have been shown. 7, 8) Furthermore, some structural data for comparatively simple disulfides such as dimethyl disulfide, 9, 10) dibenzyl disulfide, 11) and diphenyl disulfide 12, 13) by other investigators were in agreement with this prediction. However, there have not been many studies on the conformations of disulfide compounds and a more detailed investigation of their conformations is still valuable. We selected bis(indolizin-1-yl) disulfide derivatives as the model compound for the following reasons: 1) an effective method for the preparation of these compounds has been already developed by us 14) ; 2) their Mopac PM3 calculations 15) supported the appearance of exclusive or nearly exclusive gauche forms; and 3) the participation of the intramolecular p-p interaction between the two indolizin-1-yl groups can be expected. In this paper we report the facile syntheses and the conformations of some bis(indolizin-1-yl) disulfide derivatives.
or G4 form is the most stable conformation. On the other hand, the calculated torsion angles for the disulfide moiety in the G1, G2, and G3 forms are in the range of 70. 3-85.8°a nd these values are slightly lower than those (83.9-96.6°) in the MO calculations and structural data described above. [7] [8] [9] [10] [11] [12] [13] Syntheses of 1-(Benzoylthio)indolizine Derivatives According to the procedure described earlier by us 14) these 1-benzoylthio-2-(R-thio)indolizine derivatives 4a-x were synthesized from the S-alkylation of pyridinium 1-[2-(R-thio)-2-thioxo]ethanides (1a-x) with phenacyl bromide (2), followed by the treatment of the resulting pyridinium salts (3a-x) with 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) and chloranil in chloroform at 0°C. These results are summarized in Chart 1.
The structures of products 4a-x were determined by their elemental analyses, IR, UV, and 1 H-NMR spectral analyses and by comparison with those of known compounds (4a, e, i, m, q, u). In particular, the IR spectra of 4a-x showed an unsaturated carbonyl absorption band at 1663-1686 cm
Ϫ1
, together with an unsaturated cyano band (2199-2213 cm
) in 4a-d, m-p and a largely shifted carbonyl band (1591-1609 cm
) due to the 3-benzoyl group in 4i-l, u-x. Compounds 4a-h, m-t having a cyano or ethoxycarbonyl group at the 3-position showed a absorption maximum at 330-351 nm in the UV spectra and were colorless crystals.
On the other hand, products 4i-l, u-x bearing a 3-benzoyl group exhibited a maximum at a higher region (384-389 nm) and were yellow crystals.
Syntheses and Their Structures of Bis(indolizin-1-yl) Disulfide Derivatives
The treatment of 1-(benzoylthio)indolizines (4a-x) with piperidine in ethanol at the reflux temperature afforded the corresponding bis[2-(R-thio)indolizin-1-yl] disulfides (5a-x) in moderate to good yields (Chart 2).
The elemental analyses for new products (5a-d, f-l, np, r-x) were in good accord with our proposed structures. Their IR spectra showed an cyano band near 2200 cm Ϫ1 (5a-d, m-p), an ester carbonyl band at 1674-1688 cm
Ϫ1
(5e-h, q-t), and a benzoyl carbonyl band at 1596-1620 cm Ϫ1 (5i-l, u-x). The UV spectra of 5a-h, m-t exhibited an absorption band at 334-349 nm and those of 5i-l, u-x showed an absorption band at 393-400 nm. The bathochromic shifts of each absorption maximum in comparison with those of 4a-x were not large (5 nm maximum) but the end absorption bands were spread largely to a higher region and, hence, even compounds (5a-h, m-t) having the 3-cyano or 3-ethoxycarbonyl group were pale yellow in color. In the 1 H-NMR spectra of disulfides 5a-x the 2 sets of pyridine ring protons in the molecule completely overlapped each other suggesting the presence of a symmetric factor. In addition, all the pyridine ring protons of 5a-x were shifted considerably at higher magnetic regions com- a) The values (kcal/mol) in the parentheses are those obtained actually from the MOPAC calculations. b) The dihedral angle (°) about the disulfide linkage.
Chart 1
Chart 2 pared to those of 1-benzoylthio-2-(R-thio)indolizines (4a, e, i, m, q, u) (see Table 2 ). These results indicated that the predominant conformation of 5a-x in the solution state must be the G1 form with a C 2 symmetry in which the intramolecular p-p interaction is possible. Unexpectedly, the X-ray analyses of bis(indolizin-1-yl) disulfides 5a, k, n, q showed the G2, G4, G1, and G1 forms respectively. Furthermore, the crystal of the 2-benzylthio derivative (5k) had a gauche and an anti sulfide linkage and did not have any symmetric structure. The dihedral angles for the disulfide moiety in 5a, k, n, q are 68.4(2)°, 69.6(3)°, 96.4(2)°, and 68.4(5)°re-spectively, and the values for 5a, k, q are significantly smaller than those (78.5-85.3, 85.2-85.8, and 70.3-77.2°) calculated for G2, G4, and G1 respectively (see Table 1 ). The larger angle (96.4(2)°) for 5n (G1 form) must be attributable to the steric interaction between the two ethylthio moieties facing inward. The ORTEP drawings 16) of compounds (5a, k, n, q) are shown in Figs. [2] [3] [4] [5] . From these results we could deduce the predominance of the gauche forms over the anti forms in our model compounds and a particular gauche form (G1) having an intramolecular p-p interaction between the two indolizine rings is the most stable conformation in the solution state. However, the difference in the conformational stability between the gauche forms is not so large and even though such attractive interaction worked only on the G1 form, the other gauche forms (G2, and G3 or G4) also appeared in the crystalline state.
In conclusion, we synthesized some bis[2-(R-thio)indolizin-1-yl] disulfides and could confirm that the gauche conformations predominate over the anti ones and also that the p-p interaction is the main factor for the G1 conformation in the solution state.
Experimental
Melting points were measured with a Yanagimoto micromelting point apparatus and were not corrected. Microanalyses were carried out on a PerkinElmer 2400 elemental analyzer. The 1 H-NMR spectra were determined with a Hitachi R-600 spectrometer (60 MHz) or a JEOL JNM-LA400 ( 1 H: 400 MHz) spectrometer in deuteriochloroform with tetramethylsilane used as the internal standard; the chemical shifts are expressed in d values. The IR and UV spectra were taken with JASCO FT/IR-5300 IR and SHI-MADZU UV-2450 spectrophotometers, respectively.
Preparation of Pyridinium 1-[2-(R-thio)-2-thioxo]ethanides These pyridinium methylides were prepared according to the procedure described by Tominaga et al. 17) The results and some properties of new pyridinium methylides (1b-d, f-h, j-l, n-p, r-t, v-x) are as follows: Preparation of 1-(Benzoylthio)indolizine Derivatives. General Method A mixture of pyridinium 1-[R-thio(thiocarbonyl)]methylide (1, 2 mmol) and phenacyl bromide (2, 0.420 g, 2.1 mmol) was dissolved in chloroform (15 ml) and the resulting solution was kept at room temperature for 2 h. The solution was concentrated at reduced pressure and the residue was washed 3 times with ether to remove unaltered phenacyl bromide. Pyridinium salt was then dissolved in chloroform (30 ml) and allowed to react with DBU (0.302 g, 2 mmol) under stirring in an ice bath for 5 min. Chloranil (0.500 g, 2 mmol) was then added to the resulting reaction mixture at that temperature and stirred for a further 4 h. The solution was concentrated at reduced pressure and the residual oil was separated by column chromatography on alumina using chloroform as an eluent. The collected fraction of 1-(benzoylthio)indolizine was concentrated at reduced pressure, and recrystallization from ethanol gave the pure products (4a-x). Some data for the new compounds (4b-d, f-l, n-p, r-x . All calculations were performed using the CrystalStructure crystallographic software package. 18) The structure was solved by a direct method (SIR).
19) The non-hydrogen atoms were refined anisotropically, and the hydrogen atoms were attached at the idealized position and not refined. The final R-and R w -factors after fullmatrix least-squares refinements were 0.076 and 0.061 respectively for 1612 (IϾ2.00s(I)) observed reflections.
Crystallography of Bis[3-ethoxycarbonyl-7-methyl-2-(methylthio)indolizin-1-yl] Disulfide (5q) A pale yellow prismatic single crystal (0.20ϫ0.32ϫ1.00 mm) grown from ethanol was used for the unit-cell determinations and data collection by a Rigaku AFC5S four-circle diffractometer with graphite-monochromated MoKa radiation (lϭ0.71069 Å). The crystal data of these compounds are as follows: 5q: C 26 3 . All calculations were performed using the CrystalStructure crystallographic software package.
18) The structure was solved by a direct method (SIR).
19) The non-hydrogen atoms were refined anisotropically, and the hydrogen atoms were attached at the idealized position and not refined. The final R-and R w -factors after full-matrix least-squares refinements were 0.070 and 0.050 respectively for 1591 (IϾ2.00s(I)) observed reflections.
